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The ‘food vs. fuel’ debate inspired the concept of indirect land use change (iLUC). Green-
house gas (GHG) emission factors for iLUC are proposed for inclusion into carbon footprints
(CF) of biofuels. The range of published iLUC values is enormous: from about 200% below,
up to 1700% above the CF values of fossil fuels. From the perspective of life cycle assess-
ment (LCA) and CF science, single iLUC factors are currently more representative for the
approach or model used than for the crop or biofuel assessed. The scientific robustness is
not sufficient for political and corporate decision making. None of the relevant interna-
tional standards of LCA or CF require the inclusion of iLUC. The iLUC concept deserves
credit for raising awareness of a relevant problem but it is not the solution. Science and
policy should focus on proactive real world mitigation of iLUC rather than reactive and
theoretical iLUC factors.
ª 2014 The Author. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.1. Introduction
Since the “food vs. fuel” discussion is on the agenda, the
positive image of biofuels has changed substantially. In 2008,
Searchinger et al. [1] proposed a concept to address the un-
intended release of greenhouse gas (GHG) emissions due to
global land use changes triggered by the expansion of crop-
lands for biofuel production. This concept became known as
indirect land use change or iLUC. Based on the iLUC concept,
GHG emission factors were calculated for biofuels which are
proposed to be added as indirect ‘penalty’ factors to the life
cycle assessment (LCA) or carbon footprint (CF) of biofuels. As
a consequence, statements like ‘biofuels are worse than fossil
fuels’ hit the headlines.erlin.de.
Elsevier Ltd.
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Open access undeWhile the science behind iLUC is still in its infancy and
there are no international accounting standards available,
LCA and CF have matured over a few decades. They are
accepted internationally by all stakeholders and there are
international standards like ISO 14040/44 [2e4], the ‘consti-
tution’ of LCA [5]. There is substantial research and heated
debate on iLUC factors as suche both in the scientific [6,7] and
in the political arena [8e10]. However, nobody seems to look
deeper into the question, how these iLUC factors actually fit
into the science and standards behind the tools which are
supposed to apply them, i.e. LCA and CF. This fact is some-
what surprising as several differences and inconsistencies
appear rather obvious.r CC BY-NC-ND license.
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The results of assessing the requirements of the leading in-
ternational standardsof LCA (e.g. ISO14040/44 [3,4], EUProduct
Environmental Footprint Methodology [11], ILCD Handbook
[12], French Labelling Scheme [13]) or CF (e.g. ISO TS 14067 [14],
GHG Protocol [15]) are presented in Table 1. It is shown that
none of them requires the inclusion of iLUC factors [16]. They
even contain substantial restrictions for a potential future use
of iLUC factors, andwithgood reason. Fundamentally, LCAand
CF focus on real material, energy and emission flows while
iLUC isnotphysically tangible; it is basedon theoreticalmodels
that rely onhypothetical assumptions andmarket predictions.
There is full agreement in the scientific community that
iLUC factors are highly uncertain [9,10]. This is demonstrated
by a compilation of existing iLUC factors and CF data
[10,20e24]. According to ISO TS 14067 [14] CF is defined as sum
of greenhouse gas emissions and removals in a product sys-
tem expressed as CO2 equivalents (CO2e). CF is based on LCA
using the single impact category of climate change. The CO2e
of a specific amount of a greenhouse gas is calculated as the
mass of a given greenhouse gas multiplied by its global
warming potential. As shown in Fig. 1, the uncertainty and
range of iLUC factors go way beyond levels which are state-of-
the art in LCA or CF.
Based on these remarkable ranges of the iLUC factors
published, just the iLUC factor of biofuels (notwithstanding
their GHG values for agricultural production, fuel production,
etc.) can be either some 200% below or some 1700% above the
fossil fuels value. This uncertainty level of several orders of
magnitude is significantly larger than the range of natural
science based CFs of different types of food [10,20e24]. With
the uncertainty level of iLUC, it would be impossible to
differentiate between low CF types of food like lentils or to-
matoes and high CF types of food like redmeat. Unfortunately,
the uncertainties of iLUC are dominated by systematic rather
than statistical errors. As a consequence, there is currently no
robust way to determine which of the iLUC factors published
is more right than any other. Any single iLUC number pub-
lished to date is more representative for the approach or
model used than for the crop or biofuel assessed.Table 1 e Overview iLUC requirements of standards and guide
iLUC inclusion
mandatory
iLUC inclusion
intended e if
methods robust
If iLUC
r
cons
Generic LCA standards
ISO 14040/44 [3,4] No
EC PEF guide [11] No
ILCD handbook [12] No
French labelling
scheme [13]
No Yes
Generic CF standards
ISO TS 14067 [14] No Yes
GHG protocol [15] No
PAS 2050 [17] No Neutral
Japanese CF
specification [18]
No
Korean CF guideline [19] NoThere is also a trend of an erosion of iLUC factors over time.
For US corn ethanol, the initial iLUC effect was given as
104 g MJ1 CO2e [1]. Improvements in the model used resulted
in large reductions e first to 32 g MJ1 CO2e (which is the value
used in California’s Low Carbon Fuel Standard) and more
recently to 15 g MJ1 CO2e [25]. If California’s Low Carbon Fuel
Standard would use the most recent iLUC factor, most corn
ethanol production would be able to meet the required
emission reduction percentage of 10% compared with fossil
fuels by 2020 while this is not the case with the current factor
of 32 g CO2e MJ
1 [25].
Taking a more fundamental perspective, the treatment of
iLUC as a particular feature of biofuels is scientifically not
consistent. If it is a robust andmeaningful concept, it has to be
applied to all products, not only one e “iLUC for all or iLUC for
none” [10]. Any agricultural product that leads to growing
demand and increasing prices has exactly the same effect. In
addition, even conservation measures had to carry iLUC fac-
tors. If for climate change mitigation purposes forest is
regrown on agricultural land, the iLUC concept would assume
that then somewhere else forest is transformed into agricul-
tural land. This would be treated as being the ‘fault’ of the
conservation measure. As a consequence, the iLUC concept
implies that conservation or afforestation measures make no
sense as they may save CO2 directly but emit it indirectly.
A scientifically robust assessment of indirect effects
cannot be limited to the arbitrarily chosen issue of land use
change. Any selection of indirect effects is a value choice, not
justified by science. This relates to the whole debate on
rebound effects. If we do an LCA of an energy saving fridge, the
indirect effects of spending the saved electricity cost would
have to be considered. If a family spends this money to fly to
an island for holidays instead of their usual biking tour, their
energy saving fridge had to carry the emissions of the holiday
flights. As a consequence, the LCA of the energy saving fridge
might get worse than that of a conventional clunker. Is it then
really the right conclusion, not to buy energy efficient fridges?
Going back to biofuels, a decent scientific assessment
should strive for a fair comparison with fossil fuels. There
should be a level playing field with regard to the treatment of
indirect effects. If iLUC is considered for biofuels as indirect
effect, the indirect effects of fossil fuels have to be consideredlines.
is included, the
estricted to
equential LCA
If iLUC is included,
then also other
indirect effects
If iLUC is included,
then for all products
Yes Yes Yes
Yes
Yes
Yes Yes
Fig. 1 e Ranges of iLUC factors put into perspective with CF
of fossil fuels and different types of food (data from Refs.
[10,20e24]).
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relating to oil security of Middle Eastern petroleum raise the
GHG intensity of gasoline roughly by a factor of two [26]. The
resulting GHG numbers are well within the range of iLUC
factor estimates for ethanol.
LCA and CF aremainly based on actualmaterial and energy
flows and have a ‘priority for a scientific approach’ principle.
This is different from iLUC, which is a theoretical, hypotheti-
cal value based onmarket predictions and other assumptions.
The data quality is significantly different. Therefore, iLUC
factors should be reported separately and not be added to the
results of LCA and CF.
If further research achieves a better understanding of iLUC,
scientifically robust and consistent iLUC quantification factors
might be reconsidered as a potential element to be included in
LCA and CF. However, taking into account the rudimentary
understanding as of now, this will take significant time and
patience.
Scientific contributions to make environmental policy as
fact-based as possible are a key lever for sustainable devel-
opment. However, current iLUC factors are not fact-based. If
they are used in the context of LCA and CF, they do not
make the policy any better but damage the reliability,
integrity and credibility of LCA and CF. The iLUC concept
deserves credit for raising awareness of the important topic
of land use change and associated climate change effects.
ILUC was good to demonstrate the problem, but will be less
effective in solving it e even if further iLUC research makes
significant progress.
Zilberman et al. [27] qualified iLUC as “a second-best so-
lution to a first-class problem”. Thanks to the iLUC-concept,
we have understood that there is a problem. It is now time
to shift priority from reactive ‘penalty factors’ to proactive
solutions [28]. Future research resources and efforts should
focus on iLUC mitigation, not iLUC factors.3. Conclusions
LCA and CF are accepted internationally by all stakeholders as
scientifically robust tools for assessing the environmentalperformance of bioenergy based on international standards
like ISO 14040/44 [2e4]. On the contrary, the science behind
iLUC is still in its infancy and there are no agreed international
accounting standards available. As a consequence, the sci-
entific robustness and data quality of economically driven
iLUC factors are substantially lower than natural science
based LCA and CF results. It makes no sense to simply add
iLUC factors into LCA and CF results.
The lacking scientific robustness and consistency of iLUC
is properly reflected in the existing international standards
for LCA and CF. None of the generic LCA or CF standards and
guidelines studied requires the mandatory inclusion of iLUC
factors into the assessment. The different quality of iLUC
factors and LCA/CF results determine their suitability for
decision-making. Decision-makers in both private and
public organizations should rely on the benefits of LCA
without damaging its integrity and reliability by adding
speculative, low quality iLUC factors to otherwise robust
LCA results. There are many, more robust policy applica-
tions for LCA and CF than indirect effects of biofuels. For the
sake of fact-based environmental policy making, they
should be tackled first.r e f e r e n c e s
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